A concise synthesis of rhodanthpyrone A and B was accomplished via a Suzuki coupling reaction. To find the conditions appropriate to install hydroxyphenyl moieties to the α-pyrone skeleton, a model study was conducted using commercially available boronic acids. It was revealed that the hydroxy moiety of the phenylboronic acids should be concealed when reacted with labile 4-tosyl α-pyrone. Consequently, rhodanthpyrone A and B could be synthesized in high yields by Suzuki reaction using TIPS-protected arylboronic acids. This procedure provided a concise and versatile route for the synthesis of rhodanthpyrones and their 4-aryl substituted α-pyrone analogs.
α-Pyrone (=2H-pyran-2-one) is a six-membered cyclic unsaturated ester found in numerous biologically active natural products, which exhibit strong and a broad variety of biological efficacies such as antimalarial, antimicrobial, and anti-cancer [1] [2] [3] . The pyrone moiety and its fused derivatives such as coumarin and chromone structures have been recognized as a privileged scaffold [4] . In this regard, these natural α-pyrones and their derivatives have been considered as an attractive target in terms of both synthetic and medicinal chemistry [5] . Recently, rhodanthpyrone A (1) and B (2), rare 4-aryl substituted α-pyrones, were isolated by Wang et al. from Gentiana rhodantha, a plant used as a traditional medicine in China for the treatment of inflammation, cholecystitis, and tuberculosis [6] [7] . Considering not only the therapeutic properties of G. rhodantha, but also the usefulness of the privileged α-pyrone structure in medicinal chemistry, it is believed that these rhodanthpyrones can exhibit therapeutically useful biological activities, and the 4-aryl substituted α-pyrone structure may be a novel scaffold for further medicinal chemistry research. Palladium catalyzed cross-coupling reactions such as the Suzuki reaction have become a general and versatile method in organic synthesis for the introduction of aryl and heteroaryl substituents into diverse molecules. For instance, Rossi and his colleagues reported palladium-catalyzed Suzuki reactions between known 4-tosyloxypyranone 3 [8] and several substituted arylboronic acids in high yields using Pd(OAc) 2 with tricyclohexyphosphine (PCy 3 ) in methanol as an optimized catalyst system [9] . Based on this previous study, it was supposed that a concise synthetic method for rhodanthpyrones could be established by the Suzuki reaction between 4-tosylate (3) and suitable 4-hydroxyphenyl boronic acids (4), as shown in Figure 1 . Initially, as shown in Table 1 , the Suzuki reactions between 4-toxylate (3) and commercially available boronic acids such as regioisomeric 3-hydroxy-4-methoxyphenylboronic acid (5) were carried out as model studies. The Suzuki coupling reaction of the phenylboronic acid (5) with 4-tosyloxypyranone (3) using Pd(OAc) 2 with tricyclohexyphosphine in methanol, reported in entry 1, resulted in only a mixture of unidentifiable side products. Several modifications of the reaction conditions, such as solvent (entry 2 and 3), loading amount of catalyst (entry 4), and base (entry 5), were tried, but 4-aryl α-pyrone (7) could not be observed. Moreover, copper-facilitated Suzuki reaction (entry 6), used for the synthesis of 4-arylcoumarin analogues [10] , also did not afford the 4-aryl α-pyrone (7) . On the other hand, the Suzuki coupling reaction using 3-methoxyphenylboronic acid (6) (entry 7) afforded 4-aryl α-pyrone (8) in a high yield. Based on these observations, it was supposed that the electrophilic α-pyrone structure might be labile to the nucleophilic phenol of the boronic acid 5, enough to lead to various undesired reactions [11] . Based on this idea, introduction of a protecting group to the phenol of boronic acid was decided. Among the various protecting groups for phenol, the triisopropylsilyl (TIPS) group was selected as it is known to be a stable and easily removable silyl protecting group in substrates bearing reducible olefin and labile ester. Bromobenzenes (12 and 13) were converted to arylboronic acids (14 and 15) in moderate yields by treatment with n-butyllithium, followed by addition of trimethylborate and hydrolysis using 3N hydrochloric acid. Suzuki reaction using Pd(OAc) 2 with tricyclohexyphosphine in methanol between TIPS protected arylboronic acids (14 and 15) and 4-toxylate (3), prepared from 4-hydroxypyranone (9) [8] , readily afforded 4-aryl α-pyrones (16 and 17), respectively. Rhodanthpyrone A (1) and B (2) could be obtained from 4-aryl α-pyrones (16 and 17) by deprotection using tetrabutylammonium fluoride (TBAF), without any side product. The spectral data of synthetic rhodanthpyrone A (1) and B (2) were identical to those of the reported data [6] .
In summary, this article describes a concise synthesis of natural rhodanthpyrones via the Suzuki coupling reaction of labile 4-tosyl α-pyrone using silyl protected boronic acids. To find the Suzuki reaction conditions appropriate to install hydroxyphenyl moieties at the 4-position of the α-pyrone, model, a study was conducted using commercially available boronic acids. It was supposed that the hydroxy moiety of phenylboronic acids should be concealed. In this connection, the TIPS group, stable in the Suzuki reaction and easily removable without side-reactions, was introduced to protect the 4-hydroxy moiety of the arylboronic acids. Rhodanthpyrone A and B could be synthesized in high yields by the Suzuki reaction using TIPS-protected arylboronic acids, followed by deprotection. To my best knowledge, this study is the first practical example of the synthesis of 4-aryl substituted α-pyrones bearing a hydroxy moiety. This will be helpful in the synthesis of derivatives of rhodanthpyrone and construction of a chemical library of 4-aryl substituted α-pyrones.
Experimental
General: Unless noted otherwise, all starting materials and reagents were obtained commercially and were used without further purification. All solvents utilized for routine product isolation and chromatography were of reagent grade and glass-distilled, and reaction flasks were dried at 100°C before use. Flash column chromatography was performed using silica gel 60 (230-400 mesh, Merck) with the indicated solvents. Thin-layer chromatography (TLC) was performed using 0.25-mm silica gel plates (Merck). Mass spectra were obtained using a VG Trio-2 GC-MS instrument, and high-resolution mass spectra were obtained using a JEOL JMS-AX 505WA unit. Infrared spectra were recorded on a FT-IR spectrometer.
1 H and 13 C spectra were recorded on a Bruker Avance III 700 (700 MHz) spectrometer in either deuteriochloroform (CDCl 3 ), or deuteriomethanol (CD 3 OD). Chemical shifts are expressed in parts per million (ppm, δ) downfield from tetramethylsilane and are referenced to the deuterated solvent.
1 H NMR data are reported in the order of chemical shift, multiplicity (s, singlet; bs, broad singlet; d, doublet; t, triplet; q, quartet; m, multiplet; and/or multiple resonances), number of protons, and coupling constant in Hertz (Hz).
6-Methyl-2-oxo-2H-pyran-4-yl tosylate (3): Tosylated compound 3 was obtained in 82% yield (915 mg) as a white solid from 500 mg (3.97 mmol) of 9 via the reported procedure, and the NMR spectra data were identical with those reported [8] . 
3,5-Dimethoxy-4-(triisopropylsilyloxy)phenylboronic acid (14):
To a solution of bromobenzene 12 (330 mg, 0.85 mmol) in fresh distilled THF (10 mL) was added slowly 2.5 M n-BuLi in n-hexane (0.44 mL, 1.10 mmol) at -78°C. After 30 min, to the reaction mixture was added trimethyl borate (0.19 mL, 1.70 mmol) and the mixture was stirred for 1 h before warming to ambient temperature. 
